The repeating fast radio burst (FRB) source that produced FRB 121102 was recently localized in a star forming galaxy at z = 0.193, which is associated with an extended radio source at the burst location. One possibility is that the repeating FRBs are produced by a new-born magnetar, which also powers the radio nebula. If so, the magnetar may produce γ-ray emission due to magnetic dipolar spin-down. The luminosity depends on the magnetar spin parameters and age. We process the eight-year Fermi LAT data at the position of FRB 121102 and place an energy flux upper limit of ∼ 10 −11 erg cm −2 s −1 in time bins with six-month intervals, and an accumulated energy flux upper limit of ∼ 4 × 10 −12 erg cm −2 s −1 over the eight year span. The corresponding γ-ray luminosity upper limits are ∼ 10 45 erg s −1 and ∼ 4 × 10 44 erg s −1 for the time-resolved and time-integrated analyses, respectively. We discuss the implications of these limits on the young magnetar model.
INTRODUCTION
The breakthrough discovery of the host galaxy of the repeating fast radio burst (FRB) source that produced FRB 121102 (Chatterjee et al. 2017; Marcote et al. 2017; Tendulkar et al. 2017 ) confirmed the cosmological origin of at least one of the FRBs (Lorimer et al. 2007 ; Thornton et al. 2013; Petroff et al. 2015) and opened the possibility of seriously considering the progenitor models of these mysterious sources. The star forming host galaxy of FRB 121102 (Tendulkar et al. 2017 ) at z = 0.193 suggests a possible connection between FRBs and deaths of massive stars. One possibility is that the source is a new-born millisecond magnetar which powers the FRBs (Murase et al. 2016; Metzger et al. 2017 ) and also the radio nebula (Yang et al. 2016; Dai et al. 2017) , with the birth of the pulsar probably associated with a GRB or an ultra-luminous supernova (Metzger et al. 2017) . Within this picture, the new-born magnetar needs to be spinning rapidly to have a large enough spin-down luminosity in order to power the repeating FRBs. Several estimates of such requirements have been proposed recently (e.g. Metzger et al. 2017; Kashiyama & Murase 2017; Cao et al. 2017) .
The large spin-down power of the new-born magnetar would produce γ-ray emission due to magnetospheric activities and interactions between the pulsar wind and the surrounding medium (likely the nebula itself). It would be then interesting to search for possible γ-ray signals from the source using the archival Fermi Large Area Telescope (LAT) data. This paper reports the results from such a search.
THE FERMI/LAT OBSERVATION OF FRB 121102
We extract the photon files and the spacecraft history files from LAT data server 1 around the average J2000 position of FRB 121102 -RA = 05 h 31 m 58.70 s , Dec= +33
• 08 52.5 (Chatterjee et al. 2017) , with a 1 https://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/ LATDataQuery.cgi time span between 2009-01-01 and 2016-12-31, an energy range of 100 MeV -10 GeV, and a spatial radius of 60 degree. We then process the LAT data using the standard Fermi Science Tools (v10r0p5). There was no γ-ray transient found in the Fermi/LAT data in a previous research (e.g., Scholz et al. 2016) , and no known source is available in the Fermi/LAT 4-year Point Source Catalog (3FGL; Acero et al. 2015) at the position. We therefore only focus on the flux upper limits in this work. We divide the time range into 16 bins, each containing six-month data. We analyze the 100 MeV -10 GeV photons within 10 degrees around the FRB 121102 location for each time bin, for a four-year time span from 2012-12-31 to 2016-12-31, and for the entire eight-year span. We selected the "Pass 8 Source" class (evclass = 128, evtype = 3) LAT photons with the contraint that the region of interest (ROI) does not go below the gamma-ray-bright Earth limb (defined at 105 degree from the Zenith angle). Diffuse gamma-ray emission from the Milky Way is estimated using the official Galactic interstellar emission model gll iem 06.fit. The isotropic diffuse component is treated with the Fermi official isotropic spectral template iso P8R2 SOURCE V6 v06.txt. All individual objects appearing in the Fermi 3FGL catalog (Acero et al. 2015) within a 10
• radius of the FRB position are included in the sky model as separately-fit point sources with fixed positions. No significant (TS < 25) source is detected in any of the time bins. We thus calculate the photon flux upper limit at 95% confidence level using the "integral" method included in the Fermi Science Tools. This method calculates the upper limit by integrating the likelihood function to the given 95% level (Roe & Woodroofe 1999; Feldman & Cousins 1998) . A power-law spectrum model with photon index =−2 is assumed. The results of those upper limits, together with the calculated upper limits of the energy flux and isotropic luminosity, are listed in Table 1 . The photon flux and luminosity upper limits are also plotted in Figure 1 . In order to connect the luminosity upper limits with the magnetar parameters, we adopt the standard dipole spin-down formulae for pulsars (e.g. Shapiro & Teukolsky 1983; Zhang & Mészáros 2001) 
where L 0 and T 0 are the characteristic luminosity and the timescale, i.e.
Here Ω 0 is the initial angular velocity when the pulsar was born, B p is the surface dipolar magnetic field strength at the pole, P 0 = 2π/Ω 0 is the initial rotation period, I is the moment of inertia, R is the neutron star radius, and the convention Q = 10 n Q n has been adopted in cgs units.
The LAT-band γ-ray luminosity may be related to the spin-down luminosity through a parameter, i.e.
where
b , η γ < 1 is the efficiency parameter (the fraction of spin-down energy that goes to γ-rays), and f b = ∆Ω/4π is the beaming factor. The η parameter can be either greater or less than unity depends on the values of η γ and f b . The LAT-band emission may be either produced directly from the pulsar magnetosphere, or through dissipation of the pulsar wind outside the light cylinder. For the first possibility, there are arguments that near-surface GeV γ-rays are attenuated via pair production or photon splitting (e.g. Zhang 2001; Beloborodov 2013) , so that magnetars may not be bright LAT-band emitters. LAT band emission may come from the outer gaps (e.g. Cheng & Zhang 2001; Zhang & Cheng 2002) . However, the efficiency of converting the spindown luminosity to γ-ray luminosity may not be high, as suggested by the Fermi-LAT upper limits on emission from known magnetars (e.g., Abdo et al. 2010; Li et al. 2017) . As a result, we envisage that bright γ-ray emission may be generated outside the light cylinder through direct dissipation via shocks or reconnection.
The age T of the magnetar is not known. The magnetar may be born before Fermi was launched in 2008. In that case, the age is longer than 8 years. The magnetar may be also born after Fermi observations started but before the first FRB burst was detected. In this case, one can in principle observe the magnetar from T ∼ 0. For the scenario of producing a young magnetar associated with the death of a massive star, the magnetar may be initially surrounded by a heavy supernova ejecta so that γ-rays are trapped and cannot be directly observed. In this case, T should correspond to the age when γ-rays become transparent.
There are cases when the γ-ray emission of the new born millisecond magnetar would be directly detected shortly after birth. For the magnetar birth from a core collapse supernova, a relativistic jet may be launched which would be manifested as a gamma-ray burst (GRB). If the jet beams towards Earth, there would be a GRB which is associated with a bright afterglow. Our tight upper limits essentially rule out such a possibility. A second possibility is that a massive millisecond magnetar may be formed due to NS-NS mergers (Dai et al. 2006; Fan & Xu 2006; Metzger et al. 2008; Zhang 2013 ), which would not be buried by a heavy envelope. The remnant may become transparent within T trans ∼ 10 3 s (e.g. Sun et al. 2017) , so that γ-ray emission from the magnetar may be directly detected. In this case, T may be adopted as a small value T trans .
Our observations require that the maximum γ-ray luminosity at the relevant age T is smaller than the upper limits, i.e.
, and L lim = 4.28 × 10 44 erg s −1 is the eight-year limit presented in the last row last column in Table 1 . Given a set of magnetar parameters P 0 and B p , the spin-down luminosity depends on the age of the magnetar, T . Since the earliest burst, FRB 121102, was detected in late 2012, the magnetar needs to be at least 4 years old until now. We consider two possibilities.
First, if the pulsar was born between 2009-01-01 and 2012-11-02, one should use the data during that period of time to constrain magnetar parameters assuming different transparent times T trans by setting T = T trans in Eq.(1). The transparent time depends on the amount of ejecta and opacity, which may range from minutes (for NS-NS mergers) to ∼ yr (for supernovae). In our calculation, we use 10 2 s, 10 4 s, 0.1 yr, 0.5 yr, and 1 yr, respectively. Since the upper limits are slightly different in different time bins, we use the average upper limits to derive the constraints as presented in Fig. 2 .
The second possibility is that the magnetar was born before 2009-01-01. For these cases, the time T should be adopted as the age of the magnetar when the first observation started (in 2009-01-01). When the birth time is much earlier than 2009-01-01, one can use the tighter upper limit over a much longer time (e.g. 4-year or 8-year) limit to perform the constraint. For this case, we consider T = 10 yr as an example.
The results for T = 0, 10 2 s, 10 4 s, 0.1 yr, 0.5 yr, 1.0 yr, and 10 yr are plotted in the (B p , P 0 ) plane (I 45 = 1 and R 6 = 1 assumed) as shown in Figure 2 . For each T , we consider η = 0.1, η = 1 and η = 10. The region above each curve is the parameter space allowed for the given T and η value. Since the minimum spin period of a millisecond pulsar would be the break-up limit P 0,min ∼ 0.6 ms (e.g., Vink & Kuiper 2006) , our results suggest that there is essentially no constraint from the upper limits if the pulsar age T > 0.1 yr in the case of η = 1. This means that the current limit cannot constrain the magnetar parameter if it was born before Fermi observations started. On the other hand, for η = 1 and if the magnetar age is 4-8 yr and the transparent time shorter than 0.1 yr, the upper limits in the first four years could place some constraints on B p of the pulsar. In particular, if the transparent time is short enough, the non-detections exclude high magnetic field strengths. As a result, if FRB 121102 progenitor was indeed born after 2009-01-01 and has a magnetar origin, it must have been born in a dirty environment with a delayed transparent time (say T trans > 0.1 yr) in order to evade detections. We note that above constraints can be tighten if η > 1 (e.g, η = 10, dashed line in Figure 2 ).
SUMMARY AND DISCUSSIONS
We have placed some 100 MeV -10 GeV luminosity upper limits on the FRB 121102 source, which are about 10 45 erg s −1 for six-month time bins and ∼ 4 × 10 44 erg s −1 for the entire eight-year span. The upper limits do not pose significant constraints on the young magnetar parameters. In particular, there is no constraint if the young pulsar/magnetar was born before 2009-01-01, or if it was born between 2009-01-01 and 2012-11-02 but the magnetar transparent time is longer than 0.1 yr. However, if the transparent time is short, the non-detections suggest that the dipole field strength cannot be too high (for η = 1). The limits also have no constraints on other models that do not invoke a mag- netar as the source of the repeating FRBs (e.g. Cordes et al. 2016; Connor et al. 2016; Dai et al. 2016; Zhang 2017) .
Since the photon flux upper limits of multi-year Fermi LAT observations for other sky regions are of this order, the luminosity upper limits for other FRBs would be of the same order unless the source is much closer. As a result, more significant constraints on the FRB source using Fermi/LAT γ-ray data may be achieved only for much closer FRBs to be detected in the future. Such significant constraints are illustrated in Figure 3 , in which we assume a pseudo FRB with a redshift z = 0.01. One can see that the magnetar parameters are significantly constrained. This method can be readily applied to future FRBs that are localized to much smaller distances than FRB 121102.
After the submission of this paper, we noticed that Xi et al. (2017) processed the LAT data of known FRBs and placed constraints on the possible prompt GRB-FRB associations. They did not consider the possibility of the birth of a magnetar before the FRBs, which is the subject of our paper.
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